Abstract. Suppressor of variegation, Enhancer of Zeste, Trithorax and Myeloid-Nervy-DEAF1 domain-containing (SMYD) proteins are a set of lysine methyltransferases involved in a range of diverse biological functions, including gene expression, and regulation of skeletal and cardiac-muscle development. These proteins may additionally serve roles in a number of different types of cancer. However, the roles of the five SMYD proteins, SMYD 1/2/3/4/5, their expression patterns and prognostic value remain unclear. In the present study, the transcriptional expression levels of the five SMYD proteins were compared with the survival data of patients with breast carcinoma (BC) from the ONCOMINE dataset, Breast Cancer Gene-Expression Miner v4.0, Kaplan-Meier Plotter, The Cancer Genome Atlas and cBioPortal. An increase in the SMYD2/3/5 mRNA expression levels and a decrease in SMYD1/4 mRNA expression levels in BC tissues compared with normal tissues were identified. Increased SMYD3 mRNA and decreased SMYD5 mRNA expression levels were associated with decreased levels of histological differentiation, according to the Scarff-Bloom-Richardson grading system. Kaplan-Meier curves demonstrated that the increased SMYD1/4 and decreased SMYD2/3 mRNA expression levels were associated with good relapse-free survival (RFS) in patients with BC. Furthermore, SMYD2 mRNA expression levels were associated with the RFS of patients with BC with metastatic relapse, and SMYD4 may serve as a tumor suppressor in patients with BC, as patients with increased SMYD4 mRNA expression levels had significantly better RFS compared with decreased SMYD4 mRNA expression levels. The present data suggested that SMYD2 and SMYD3 may be potential biomarkers for diagnosis of BC. Additionally, SMYD2 and SMYD4 may be potential prognostic indicators of patients with BC.
Introduction
Breast carcinoma (BC) is one of the most common types of malignancy and is the second leading cause of cancer associated-mortalities among women (1) . As in other lower or middle-income countries, BC is common in China, and its incidence is increasing. The disease occurs at a younger median age for Chinese women compared with western Caucasian women (2) , and without a nationwide screening program, patients may be unaware of the importance of regular examination, which may lead to difficulty in treating patients. BC has a diverse and complex range of biological subtypes, which possess various unique clinical, pathological and molecular features (3) . Based on the expression status of estrogen receptor (ER), progesterone receptor (PR) and receptor tyrosine-protein kinase erbB-2 (HER2), the molecular classification may offer better prognostic prediction and therapeutic outcomes (4) .
Members of the Suppressor of variegation, Enhancer of Zeste, Trithorax (SET) and Myeloid-Nervy-DEAF1 (MYND) domain-containing protein (SMYD) family represent a group of proteins that contain the conserved SET and MYND domains (5) . In the last decade, the SMYD protein family has attracted increasing interest due to its essential role in the development of the heart and muscle, and its potential role in the development of cancer (6) . There are five members of the SMYD family, SMYD1, SMYD2, SMYD3, SMYD4 and SMYD5, and they all exhibit various biological functions, including developmental regulation and cancer (7) . SMYD3 has been identified to be overexpressed in >15 types of cancer, and its overexpression may promote the proliferation of cancer cells (8) . SMYD2 and SMYD4 expression has additionally been associated with cancer progression. SMYD2 was overexpressed in patients with leukemia with a poor prognosis (9) , whereas, SMYD4 served as a tumor suppressor in BC (10 Advances in microarray technology have advanced DNA and RNA research, and has become an indispensable part of genomics (11) . In the present study, thousands of gene expression or copy number analyses published online were collectively analyzed to investigate the expression of the SMYD family members in these databases to determine their clinical value in BC.
Materials and methods
ONCOMINE data-mining analysis. ONCOMINE (www. oncomine.org) is an online cancer database, which was used to analyze the transcriptional alteration in different types of cancer (12) . A comparison of the expression levels of the SMYD family members was made between clinical cancer samples and normal controls.
Breast Cancer Gene-Expression Miner v4.1 (bcGenExMiner v4.1). bcGenExMiner v4.1 (bcgenex.centregauducheau. fr/BC-GEM) is an online analysis tool, which contains 36 genomic datasets, with accompanying notes, (updated in December 2017) and was used to analyze the association between the mRNA expression levels of SMYDs and clinical parameters, including ER, PR and HER2 (13, 14) .
Kaplan-Meier Plotter. Kaplan-Meier curves were created using the Kaplan-Meier Plotter (www.kmplot.com) to analyze the prognostic value of SMYD expression. Information on 3,951 clinical patients with BC were obtained from the website (15) . Patients with BC were divided into two groups (high and low) based on the median expression level of SYMDs to evaluate the relapse-free survival (RFS) rate, according to the Kaplan-Meier curve. The JetSet best probe (16) set was selected if the target gene had more than one probe set.
The Cancer Genome Atlas data (TCGA) and cBioPortal. TCGA (cancergenome.nih.gov/) is a database, which collects the sequencing and pathological data of samples from 30 different types of cancer (17) . cBioPortal (www.cbioportal. org) is a multi-functional visualization and analysis toolset, which may be used to anaylze gene expression of the cancer samples. The gene expression and pathological information of 1,108 cases were used from the BC dataset in cBioPortal for further analysis of expression of the SMYD family members (18, 19) .
Statistical analysis.
For the Elston-Ellis modification of the Scarff-Bloom-Richardson (SBR) grading system (20) , significance was determined using a Welch's test with a post-hoc Dunnett-Tukey-Kramer's tests for pairwise comparison. The prognostic value of the SMYDs was calculated using a univariate Cox analysis (21) to generate the Forest plots. For the ONCOMINE datasets, a Student's t-test (22) was used to analyze the datasets. P<0.05 or a 1.5 fold-change was considered to indicate a statistically significant difference. Welch's test, Dunnett-Tukey-Kramer's test and univariate Cox analysis were performed using bcGenExMiner v4.1, and Student's t-test was performed using ONCOMINE.
Results

Transcriptional expression levels of SMYDs in patients with
BC. Using the datasets acquired from ONCOMINE, the mRNA expression levels of the SMYD family members in the BC samples were compared with the control samples (Fig. 1) . The analysis demonstrated that SMYD3 was significantly upregulated in patients with BC in 27 databases. SMYD1 and SMYD4 were significantly downregulated in 24 and 10 of the datasets, respectively. In one dataset, Curtis et al (23) , SMYD1 was identified to be downregulated in a number of different types of BC (medullary BC with a fold change of -2.12; ductal BC in situ with a fold change of -1.854; invasive BC with a fold change of -1.962; invasive lobular BC with a fold change of -1.903; and invasive ductal and invasive lobular BC with a fold change of -1.891; with a total fold change of -2.075 in all types of BC collectively) compared with expression in the normal tissue samples (Table I) . By contrast, SMYD3 was upregulated in a number of types of BC (medullary BC with a fold change of 2.006; invasive ductal BC with a fold change of 2.526; invasive BC with a fold change of 2.342; invasive lobular BC with a fold change of 2.522; invasive ductal and invasive lobular BC with a fold change of 2.748; with a total fold change of 2.344 across all types of BC collectively) (18) . The upregulation of SMYD2 in invasive ductal and invasive lobular BC (fold change of 1.449) and invasive ductal BC (fold change of 1.339) and the downregulation of SMYD4 in invasive BC (fold change of -1.807), invasive ductal and lobular BC (fold change of -1.889), and invasive ductal BC (fold change of -1.737) were identified in the TCGA dataset (Table I) . No significant differences were identified for SMYD5 expression between the BC tissues and comparative normal tissues in either of the datasets (data not shown).
mRNA expression levels of the SMYD family members are significantly associated with various clinicopathological parameters of patients with BC. The mRNA expression levels of SMYDs between groups of patients according to different clinical parameters were compared using bcGenExMiner and the results are presented in Table II . SMYD3 was determined to be upregulated in patients with BC over the age of 51 Patients with BC with a positive nodal status presented increased SMYD5 mRNA expression levels compared with patients who had a negative nodal status. SMYD2/3/5 were identified to be associated with ER and PR status. SMYD2/5 exhibited decreased expression levels in patients with ER and PR positive BC, whereas, SMYD3 demonstrated increased expression levels in patients with ER and PR positive BC. The transcriptional expression level of SMYD4 was decreased and the expression levels of SMYD5 were increased in patients with HER2 positive BC. Triple-negative BC (TNBC) is an aggressive form of BC where ER, PR and HER2 expression is absent. The mRNA expression levels of SMYD2/5 in TNBC were increased, whereas, the expression of SMYD3 was decreased in patients with TNBC.
According to the SBR grading status criterion, it was demonstrated that the expression of all the SMYDs, with the exception of SMYD1, was associated with the SBR grade (Fig. 2) . Decreased SMYD3 expression and increased SMYD5 expression suggested advanced SBR grade, whereas, SMYD2/4 exhibited a global significant difference with P<0.05. No statistical significance of these SMYDs was observed using the Dunnett-Tukey-Kramer's test of each group in association with the SBR grade status (SBR1 vs. SBR2, SBR1 vs. SBR3 and SBR2 vs. SBR3; Table III) .
Increased SMYD1/4 and decreased SMYD2/5 mRNA expression levels are associated with good RFS of patients with BC.
The RFS of patients with BC was associated with the mRNA expression levels of SMYD1/2/4/5, which was identified by the Kaplan-Meier curve and a log-rank test (P<0.05) and stated below the plot is the number of patients that were at risk (Fig. 3) . The patients with BC with increased SMYD1/4 mRNA expression levels or decreased SMYD2/5 mRNA expression levels were predicted to indicate good RFS.
Prognostic analysis of bcGenExMiner demonstrated the relevance between the mRNA expression levels of SMYD2 and the metastatic RFS (MRFS) in patients with BC was further analyzed by dataset (Table IV ). An increased risk of metastatic relapse [hazard ratio (HR) =1.25; 95% confidence Fig. 5A ). SMYD2/3 was increased in a portion of patients with BC. SMYD1/5 mRNA upregulation and SMYD4 mRNA downregulation were observed in certain patients with BC. SMYD members were rarely mutated in patients with BC; however, the copy numbers of SMYD2/3 were positively associated with their mRNA expression levels (Fig. 5B and C) . Patients with SMYD2/3 amplification had increased expression levels of SMYD2/3 compared with patients where increased SMYD2/3 amplification was not observed. However, no significant association was identified between the copy-number alternations of SMYD2/3 and the overall survival of patients with BC (SMYD2, P=0.958; SMYD3, P=0.874; Fig. 5D and E).
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Discussion
The SMYD proteins are abundantly expressed in cardiac and skeletal muscle, and were initially hypothesized to serve as epigenetic regulators for myogenesis and cardiomyocyte differentiation (8) . SMYD proteins have attracted increasing interest in research following the identification of a potential role in the development of cancer, suggesting that the SMYD proteins may be potential therapeutic targets (24) . To the best of the authors' knowledge, the present study is the first to analyze the mRNA expression levels and prognostic value of the SMYD family members in BC. SMYD1, the first member of the SMYD family, has traditionally been known to function in skeletal muscle and myocardium development during the embryonic period (5).
Targeted SMYD1 deletion in mice disrupts the maturation of cardiomyocytes and formation of the right ventricle (25) . Heparin binding growth factors (HDGF) possess mitogenic and angiogenic activities, and its expression is increased in the developing heart, tumor cell lines and certain normal tissues (26) . HDGF has been demonstrated to repress the expression of SMYD1 in G-7 myoblast cells (27) . HDGF is overexpressed in a number of types of human cancer, including hepatocellular carcinoma (28) and BC (29) . The interaction of SMYD1 and HDGF suggests that SMYD1 may function in cancer development. In the present study, the mRNA expression levels of SMYD1 were decreased in patients with BC compared with normal breast tissue. Patients with BC with increased SMYD1 expression levels exhibited good RFS.
Numerous previous studies have demonstrated the involvement of SMYD2 in various cancer types. For example, SMYD2 has been demonstrated to promote TNBC progression (30) . In the present study, patients with BC who exhibited decreased SMYD2 expression levels demonstrated improved RFS. SMYD2 represses the activity of cellular tumor antigen p53 by SMYD2-mediated methylation (31) . SMYD2 may additionally downregulate the phosphatase and tensin (PTEN) pathway through the methylation of PTEN (32) . These previous studies examined the important role of SMYD2 in cancer. In the present study, SMYD2 was significantly increased in patients with BC and those with metastatic relapse. Decreased SMYD2 mRNA expression levels were associated with good RFS and, thus, raises the possibility that SMYD2 serves as a diagnostic biomarker in BC diagnosis and as a prognostic indicator for patients with BC with metastatic relapse. SMYD3 is considered an oncogene in a number of different types of cancer. SMYD3 is regulated by β-catenin/transcription factor-4 transcription apparatus in gastric cancer (33) . SMYD3 mediated methylation of mitogen-activated protein kinase (MAPK) kinase kinase 2, which stimulated MAPK signaling and promoted the formation of Ras-driven carcinomas (34) . SMYD3 may additionally influence distinct oncogenic processes by serving as a gene-specific transcriptional regulator (35) . SMYD3 has been demonstrated to promote the development of BC (36, 37) and is associated with familial BC (38) . In the present study, it was identified that SMYD3 was amplified in patients with BC; however, it was not associated with the RFS of patients with BC. Additionally, it was observed that advanced SBR grade was associated with decreased SMYD3 mRNA expression levels. Therefore, SMYD3 may be used as a biomarker for diagnosis of BC and as an indicator of the SBR grade of BC tissue.
Less is known regarding the role of SMYD4 in cancer development. Hu et al (10) demonstrated that SMYD4 may serve as a tumor suppressor gene in BC. However, to the best of the authors' knowledge, there is no information regarding an association between SMYD4 and the prognosis of patients with BC. In the present study, increased SMYD4 mRNA expression levels were associated with good RFS in patients with BC. As a result, it is possible that SMYD4 may serve as a good prognostic indicator.
Similar to SMYD4, there are comparatively fewer studies investigating the role of SMYD5 in cancer development. At present, previous studies on SMYD5 focused on its role in embryonic stem (ES) cells. SMYD5 primarily serves a role in the differentiation of ES cells (39, 40) . However, the depletion of SMYD5 in human colon and lung cancer cells resulted in increased tumor growth and the upregulation of genes associated with colon and lung cancer (39) . In the present study, it was demonstrated that the SMYD5 mRNA expression levels were decreased in patients with ER/PR-positive BC compared with those with ER/PR-negative BC and increased in patients with HER2-positive BC and TNBC. Increased SMYD5 mRNA expression levels were associated with advanced SBR grade. Therefore, SMYD5 may serve as a potential oncogene in BC.
In conclusion, the SMYD family may function in the development of BC. Previous studies investigating the functions of the SMYD family members in cancer are rare and the mechanisms regarding the differential expression pattern of its family members in BC remain unclear. In the present study, the expression of SMYDs was systemically analyzed to evaluate their clinical and prognostic value in BC. The present findings suggested that SMYD2/3 may serve as potential diagnostic biomarkers and therapeutic targets for BC. In addition, the present data suggested that SMYD4 may serve as a potential prognostic marker of survival in patients with BC. The increases in SMYD1/5 mRNA expression levels observed in the present data suggested a potential role for SMYD1/5 in the development of BC. Table IV . Univariate Cox analysis of SMYD2. 
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